Wereport here a rare case of 47 XXY/46 XYmosaic Klinefelter's syndromeassociated with multiple endocrine disorders. A 35-year-old male admitted for the evaluation of renal dysfunction and recurrent bone fractures was diagnosed as having Klinefelter's syndrome by endocrinological examinations and sex chromosomeanalysis. He has suffered from diabetes mellitus for morethan ten years. The serum FSHand LH levels were high together with low free testosterone and estradiol levels. There was a discrepancy between basal serum GHand somatomedin-C levels. On admission, thyroid function revealed thyrotoxicosis with low radioactive iodine uptake and negative thyroid autoantibodies. During hospitalization, serum FT3 and FT4 levels were gradually decreased and serum TSHlevels became elevated, leading to the diagnosis of subacute thyroiditis. Serum ACTH levels showed high basal levels with delayed, exaggerated responses to insulin-induced hypoglycemia. Rapid ACTHtest (1 24ACTH0.25 mg) showed low cortisol responses and many of the adrenocortical steroids in plasma and urine were low or low normal. Furthermore, bone mineral density (BMD) by DEXAshowed marked osteoporosis. Possible mechanisms underlying these varied endocrine disorders remain to be elucidated. (Internal Medicine 35: 396-402, 1996) 
Introduction
Klinefelter's syndrome (KS) is a well-recognized form of male hypogonadismand feminization related to aberrations of the sex chromosomes, which is characterized by small testis, azoospermia, and gynecomastia. Chromosomal analysis of the peripheral blood of patients with KS commonly reveals a 47 XXYkaryotype, although 47 XXY/46XYmosaicism occurs in about 20% (1) . This syndrome is reported to be accompaniedby diabetes mellitus, and endocrine disorders involving the pituitary and thyroid (2) . Recently, we treated a case of47 XXY/46 XYmosaic karyotype and were able to perform careful endocrinological evaluations on this patient. Wereport here a rare case of KSpresenting with multiple endocrine abnormalities.
Case Report
A 35-year-old male was admitted to our hospital for the evaluation of renal function and recurrent bone fractures in September 1994 . He had a past history of traumatic meningoencephalitis at the age of 1 year and 6 months, and since then, he had been treated with anti-epileptic drugs such as carbamazepine and sodium valproate. His mental development and motor ability were delayed. He graduated from ajunior high school. His behavior was gentle rather than rebellious. He was diagnosed as non insulin-dependent diabetes mellitus (NIDDM) at the age of 19 years. Since then, blood glucose levels have been fairly controlled with diet therapy alone except in the acute stage. Renal insufficiency was pointed out at the age of32 years. During past 4 years, he suffered from recurrent bone fractures. There were no particular family histories. On admission, he was 175 cm tall and weighed 80.0 kg. His blood pressure was 152/84 mmHgand the pulse rate was 97/ min. His forehead and hindhead were prominent possibly due to posttraumatic encephalitis followed by communicating hydrocephalus noted on magnetic resonance imaging (MRI) of the brain (Fig. 1 ). Physical examinations revealed truncal obesity, decreased skin tension, anemic conjunctiva, but no jaundice.
The thyroid gland was not palpable and there was no lymphoadenopathy or tenderness in the neck on palpation. No gynecomastia was found. Neither rales nor heart murmurwas audible. The abdomen was slightly distended and soft. Muscle pseudohypertrophy and disused atrophy were observed in extremities. A slight pitting edema was noted in lower limbs. The penis was the size ofa thumband the testes the size of the tip of the little finger. The pubic hair, hirci, and beard were very sparse. No visual field defect was found and his sense of smell wasnormal. There were no other abnormalneurological findings. Neither sellar enlargement, destruction nor tumor was found on skull X-ray, computed tomography (CT) and MRI of the brain. Laboratory data on admission are shown in Table 1 pg/ml) 873. 6 (normal: 1.7-8.5 pg/mg-Cr) 65 (normal: 1.5-9.7 ng/ml) 0.9 (normal: <0.8 ng/ml) 30 (normal: 15-50 pg/ml) 64. 7 (normal: 13.8-55.3 pM) 25 (normal: 29.7-45.9 pg/ml) 13 (normal: 2.5-13 ng/ml) 5.9 (normal: 2.2-5.2 ng/ml) 8 (normal: 10-55 ng/ml) 1.0 (normal: 0.40-4.70 ng/ml) <5.0 (normal: 20-50 pg/ml) 2.7 (normal: 0.3-2.9 ng/ml/h) 0.9 (normal: 0.3-3.5 pg/ml) 150 (normal: <40 pg/ml) 23.6 (normal: 8-36 mU/ml) (-) (-) dl,^0.6 pg/ml and^10 pg/ml, respectively), together with high levels of luteinizing hormone (LH), and follicle-stimulating hormone (FSH) (43 mlU/ml and 86 mlU/ml, respectively), which were consistent with hypergonadotropic hypogonadism. The baseline of serum growth hormone (GH) was high (2.2 ng/ ml), while the serum somatomedin C (SM-C) level was low (77 ng/ml). GHexcretion in the urine was markedly increased (873.6 pg/mg-Cr). Thyroid function showed hyperthyroidism [thyrotropin (TSH) ,^0.05 jaU/ml, free triiodothyronine (T3), 9.8 pg/ml and free thyroxine (T4), 3.38 ng/dl], but thyroid autoantibodies were all negative. Furthermore, the thyroidal uptake of 123I was markedly depressed (3 hour: 3.51%, 6 hour: 3.56%). During hospitalization, serum free T3 and free T4 levels were gradually decreased, together with the elevation of serum TSHlevels (Table 3) . 123I thyroidal uptake also tended to be restored. Serum adrenocorticotropin (ACTH)levels were slightly high ( 120 pg/ml), while serum levels of adrenocorticosteroids were low or low normal. Serum prolactin (PRL) level showed a high basal level (65 ng/ml). Serum l,25-(OH)2-vitamin D level, measured by radioreceptor assay, was markedly decreased. Amongother calcium regulating hormones, the serum calcitonin level was slightly low and serum parathyroid hor- Table 5 . SerumACTHlevels showed abnormal diurnal rhythm (88 pg/ml at 8:00 and 210 pg/ml at 20:00). Serum ACTHlevels were moderately inhibited by dexamethasone (1 mg qid overnight). Metyrapone test (metyrapone 3 g p.o. on the 3rd day) revealed exaggerated ACTHresponses.
Serum cortisol increased from 8.7 to 16.2 |Lig/dl after rapid ACTHtest (1 24ACTH0.25 mg, i.v.) , which was considered to be marginally subnormal. It should be noted that these endocrinological as sessments were carried out during the hyperthyroid state and that such thyrotoxic condition may affect hormonal data. Testes biopsy revealed a severe degree of hyalinization of seminiferous tubules and Leydig cell hyperplasia, compatible with histological findings of Klinefelter' s syndrome. Renal biopsy showed nodular sclerosis with concentric lamination in the glomerulus and hyaline thickening of the efferent artery, leading to the diagnosis of diabetic glomerulosclerosis. Since he had a history of recurrent bone fractures, bone mineral density (BMD)was evaluated by dual energy Xray absorptiometry (DEXA). Total BMDand L2-L4 BMD were 0.887±0.01 g/cm2 (% age matched: 72±3%) and 0.669±0.0 1 g/cm2 (% age matched: 54±3 %) , respectively, suggesting marked osteoporotic changes.
Discussion
Patients with KSare reported to have several accompanying endocrine disorders involving the pituitary and thyroid (2).
Amongthem, diabetes mellitus (DM) is the most common complication in KS. According to a report by Nielsen et al (3) , KS is accompanied by DMin 39%of Western patients. However, Sagara et al (4) reported that, in Japan, the incidence of KS combined with DMis 3.9%, which is much lower than that amongWestern patients (3) (4) (5) (6) . In Japan, insulin-dependent DM (IDDM)is more frequent than in Western countries, and many patients require antidiabetic medication, while the present case was complicated by NIDDM, and blood glucose level was well controlled with diet therapy (1,600 kcal, protein 70 g/day) alone. Onadmission, thyroid function revealed thyrotoxicosis (serum levels ofTSH, free T3 and free T4 were^0.05 jiU/ml, 9.8 pg/ml and 3.38 ng/dl, respectively) with low radioactive iodine uptake (RAIU) and negative thyroid autoantibodies. During hospitalization, serum free T3 and free T4 levels were gradually normalized and decreased to below normal lower limits, together with elevation of serum TSHlevels. Clinically, thyroid swelling and pain in the thyroid were absent throughout the course of the disease. The initial diagnostic possibilities in this patient were thyrotoxicosis factitia, subacute thyroiditis or painless thyroiditis. Thyrotoxicosis factitia seemed unlikely, because the patient was of poor education and had no access to thyroid tablets. The clinical course of the patient was typical of subacute thyroiditis, starting from a thyrotoxic phase with elevated serum levels ofT3 and T4 and almost no thyroid uptake. The thyroid state, however, progressed over a period of several weeks to euthyroidism and, thereafter, to hypothyroidism with a high serum TSH level. Subacute thyroiditis is usually diagnosed on the basis of thyroid pain and swelling, which are present in 90 to 100% of the cases, along with non-specific systemic symptomssuch as malaise, fatigue, fever, anxiety, and weight loss. But the absence of pain does not exclude the diagnosis, since biopsy-proved painless subacute thyroiditis has been reported (7) . Painless thyroiditis with thyrotoxicosis, decreased RAIU, and histological picture of chronic thyroiditis but no giant cells may be difficult to be distinguished from painless subacute thyroiditis. However, usually the former is associated with lack of elevation of ESRand high titers of antithyroid antibodies, which was not the case in this patient. For these reasons, this patient could be diagnosed as having a pain-free form of subacute thyroiditis although thyroid biopsy was not carried out. Interestingly, serum estradiol levels were quite low in this patient. Characteristic endocrine changes in the pituitary-testicular axis of KSinclude normal or elevated serum estradiol levels as well as high serum FSH, LH and low testosterone levels. The cause of low estradiol levels was unclear. One possible explanation maybe that serum adrenal androgen such as dehydroepiandrosterone (DHEA) and DHEAsulfate (DHEA-S) were quite low in this case and that the source ofaromatization could therefore be lacking. As for pituitary-adrenocortical function, the patient had low or low normal adrenocortical steroid levels and increased ACTHlevels, and had a low normal response to rapid ACTH test. But clinically no symptomsof adrenocortical insufficiency were observed and adrenal gland was not atrophic on abdominal CT. Furthermore, antiadrenal antibody, which has been thought to be useful for the early diagnosis of Addison's disease (8, 9) , was negative. For these reasons, the existence of adrenocortical insufficiency was unlikely in this patient. Basal serum GHlevels were consistently high, whereas serum SM-Clevels were below normal range. High basal serum GHlevels were possibly due to the lack of negative feedback by SM-C. A discrepancy between serum GH levels and SM-Clevels is generally observed in patients with chronic liver disease such as chronic hepatitis and cirrhosis of the liver, and hyponutritional state (so-called sick cell syndrome). Although the liver function was normal, he was poorly nourished. In addition to the hyponutritional state, renal dysfunction maycontribute to unusual GHsecretory pattern. There have been several reports concerning changes in bioactivity and the serum concentration of SMsin uremic patients. Studies employing bioassays have shown low levels of SMactivity in patients with chronic renal failure (10) (11) (12) . Lowserum levels of SMby radioimmunoassay (RIA) using serum extracted with acid-ethanol, which recovered SMs and excluded SM-binding proteins, were also reported in adult patients undergoing chronic hemodialysis (13) . More recently, Chan et al (14) have demonstrated that insulin-like growth factor I (IGF-I) mRNAexpression fails to respond to exogenous GHadministration in the uremic rat, and that the lack of IGF-I mRNAexpression is possibly attributed to the decreased induction of GHreceptor. Thus, it seemsreasonable to speculate that the renal dysfunction in the present patient may, at least in part, be responsible for the discrepancy between serum GHlevels and SM-Clevels. Similarly, the augmented urinary GHexcretion was mainly due to renal insufficiency. Hattori et al (15) measured urinary GH levels in patients with renal insufficiency and normal subjects by an ultrasensitive enzyme immunoassay. Urinary GHexcretion was significantly higher in patients with renal insufficiency than in normal subjects, and the GHexcretion was correlated positively with urinary p2-microglobulin excretion and negatively with Ccr. The enhanced urinary GHexcretion together with high urinary p2-micr°gl°bulin levels in this patient may reflect severe renal tubular damagedue to the progression of diabetic nephropathy. Serum PRLresponses to TRHshowed no responses from high basal levels. A similar pattern of responses has been well documented in CRF patients (16, 17) . Thus, varied hypothalamic-pituitary axis disorders are noted in this patient. The absence of lesions in the pituitary and hypothalamus on MRIsuggested that the defect is functional rather than structural. It should be mentioned that serum levels of anterior pituitary hormones such as ACTH,GHand PRL are usually elevated in the acute or chronic stressful state. Therefore, it is reasonable to speculate that the altered hypothalamic pituitary function noted in this patient could be, at least in part, attributed to such stress as hyponutrition and renal failure. On the other hand, the effects of long term treatment with anti-epileptic drugs on hypothalamic pituitary function in this patient should be also considered. Pituitary hormonesecretion from the anterior pituitary gland is regulated by the hypothalamus through a complicated network between various neuroamines and neuropeptides. The patient had been treated with carbamazepine and sodium valproate for a long time. These drugs are knownto exert several effects on hypothalamic neuroamines (18) (19) (20) . Thus, it is reasonable to speculate that these drugs mayinfluence pituitary hormone secretion. Reported cases virtually showed stimulatory or inhibitory influences of long-term treatment with anti-epileptic drugs on pituitary hormonesecretion, especially GH or PRL secretion (2 1-23) . Therefore, the precise role of these anti-epileptic drugs in this patient remains inconclusive.
The patient was assumed to be under the lack of androgen and estrogen, so-called postmenopausal state for more than 10 years, which seemed to have an important pathogenetical role in the progression of severe osteoporosis. WhenKlinefelter et al (24) originally described their syndrome, they made no reference to osteoporosis. Since then it has been claimed that osteoporosis is a feature of Klinefelter's syndrome, although the available data are limited (25-28). Recently, Horowitz et al (29) reported densitometric and bone-related biochemical measurements in 22 patients with Klinefelter's syndrome. The results demonstrated that decreased bone density occurs in about 25% with this syndrome. In 1980, Schweikert et al (30) testified the existence of 5a-reductase which converts testosterone to dehydrotestosterone (DHT), an active form of testosterone, in the bone tissue. Recently, Colvard et al (31) have identified androgen receptors in normal humanosteoblast-like cells, while Kasperk et al (32) demonstrated that androgen directly stimulates proliferation of bone cells in vitro. Furthermore most recently, Tanaka et al (33) successfully demonstrated that osteoblastic cells have aromatase activity regulated by glucocorticoid, and that this aromatase could directly convert androgen to estrogen. Estrogen itself may also have a potential role in bone metabolism in man. Smith et al (34) recently described a manwith estrogen resistance whohad osteoporosis, un fused epiphyses and continuing linear growth We report here a rare case of 47XXY/46XY mosaic KS associated with multiple endocrine disorders. The present case maygive newinsight into the understanding of multiple endocrinological abnormalities in KS.
